Four proteins, GP1, VGP48, GP26 and VPM27, are associated with the envelope of respiratory syncytial (RS) virus. The status of GP1 has been uncertain, because a cellular glycoprotein migrates at the same position when Laemmli's discontinuous buffer system is used for PAGE, and because BSC-1 cells infected with the RSN-2 strain of RS virus appear not to contain GP1. However, additional evidence suggests that GP1 is a viral structural protein. (i) It is removed from cells by trypsin, while the cellular glycoprotein is not; (ii) it is separated from the cellular glycoprotein when the infected cells are analysed by neutral SDS-PAGE; (iii) it is present in the purified RSN-2 strain of RS virus produced by BSC-1 cells; (iv) it is also present in the purified Long strain of RS virus produced by either human or monkey cells. When purified Long strain virus is analysed by PAGE under non-reducing conditions, the glycoproteins VGP48 and GP26 migrate together, and VPM27 separates into two proteins, which one-dimensional peptide mapping suggests are not different proteins. These observations suggest that VGP48 and GP26 exist in the virion as a single molecule joined by disulphide bonds, and so resemble a paramyxovirus fusion protein, and that probably there are two forms of VPM27 which differ in either position or number of disulphide bonds.
INTRODUCTION
Electrophoresis on SDS-polyacrylamide gels separates the proteins of dissociated and reduced, purified Long strain respiratory syncytial (RS) virus into eight polypeptides, of which three are glycoproteins. The molecular weights of the non-glycosylated proteins are 160 x 103 (160K), 44K, 32K, 28K and 25K but the apparent molecular weights of the glycoproteins vary with the buffer system used for electrophoresis, migrating with molecular weights of 80K, 56K and 22K in neutral phosphate buffer, and 90K, 49K and 26K in the discontinuous buffer system of Laemmli (Levine, 1977; Peeples & Levine, 1979) . Similar polypeptides have been reported for other RS virus strains, with slight differences in the migration rates of the proteins.
The three glycoproteins and the 28K protein are associated with the viral envelope; the remaining proteins are associated with the nucleocapsid (Peeples & Levine, 1979; Ueba, 1980) . A revised nomenclature, based on a comparison of the three virus strains Long, A2 and RSN-2, has been proposed for seven of the structural proteins, including two of the glycoproteins, GP 1, the largest, and VGP48, and the five non-glycosylated proteins VP200, VPN41, VPP32, VPM27 and VP25 (Pringle et aL, 1981) . The authenticities of VGP48, VPN41, VPM27 and VP25 have been confirmed by means of immunoprecipitation (Pringle & Cross, 1978 ; Bernstein & Hruska, 1981; Dubovi, 1982; Fernie & Gerin, 1982) , and VPP32, as well as VPN41 and VPM27, has been synthesized in vitro with mRNA from RS virus-infected cells (Cash et al., 1979) .
The status of the glycoprotein, GP1, has remained uncertain. It is present in HEp2 cells infected with either the Long or the RSN-2 virus strain, and in BSC-1 cells infected with Long, and the production of GP 1 is associated with RS virus infection (Pringle et al., 1981) . A protein that is probably GP1 can be precipitated by antiserum to virus or viral components produced in cells of a species different from that used for immunization (Bernstein & Hruska, 1981 ; Dubovi, 1982; Fernie & Gerin, 1982) , but is only irregularly precipitated by convalescent sera (Fernie & Gerin, 1982) . More importantly, GPI can not be demonstrated either in BSC-1 cells infected with the RSN-2 virus strain or in the partially purified virus, even when labelled with [3H]-glucosamine (Cash et al., 1977; Pringle et al., 1981) . Therefore, the possibility has remained that GP1 is a host cell glycoprotein whose production and accumulation in plasma membrane is increased by RS virus infection, resulting in the incorporation of GP1 into the virion with the plasma membrane during budding. The purpose of the present study has been to determine whether GP 1 is indeed a viral structural protein, and whether the envelope proteins of RS virus behave like those of other paramyxoviruses when electrophoresed on SDS-polyacrylamide gels under non-reducing conditions.
METHODS
Cells. HeLa, HEp2 and the African green monkey kidney cell line BSC-1 were grown in Eagle's minimum essential medium (MEM) containing 10~o foetal bovine serum (FBS).
Virus. Long and RSN-2 strains of RS virus were grown on monolayers of HeLa or BSC-1 cells maintained in MEM with 5~ FBS, and assayed on HeLa monolayers by the plaque method previously described (Levine & Hamilton, 1969; Levine et al., 1971) . Virus, as well as infected and non-infected cells, were labelled with either
[3H]glucosamine (5 gtCi/ml), [~4C]glucosamine (2.5 ~tCi/ml), '*C-labelled reconstituted protein hydrolysate (2.5 ktCi/ml) or [3sS]methionine (10 ~tCi/ml), in MEM containing 5~ FBS. Radiolabelled virus was purified as previously described (Levine, 1977) .
Polyacrylamidegelelectrophoresis (PAGE).
Radiolabelled polypeptides were separated on 9~ SDS-polyacrylamide slab gels with 3 ~ stacking gels, utilizing either the neutral buffer system of Weber & Osborn (1969) or the discontinuous buffer system of Laemmli (1970) , as previously described (Levine, 1977; Peeples & Levine, 1979) . When bands were to be cut out for re-electrophoresis on a second 9~ SDS-polyacrylamide gel, they were located by autoradiography, cut from the gel, and rehydrated for 30 rain in stacking buffer (0-125 M-Tris HC1 pH 6.8 and 2.5~ SDS). When proteins were to be reduced before a second electrophoresis, the stacking buffer contained 3~ 2-mercaptoethanol.
Peptide mapping by limitedproteolysis. Radiolabelled proteins in the SDS-polyacrylamide gels were located by autoradiography, cut from the gels, and analysed in 15~ SDS-polyacrylamide gels by limited proteolysis with chymotrypsin (Cleveland et al., 1977) . When cut from gels with non-reduced virus, slices were rehydrated for 30 min in 0.125 M-Tris-HCI pH 6-8, 0-1 ~ SDS and 1 mM-EDTA, or in this same solution containing 3 ~ 2-mercaptoethanol when the protein was to be reduced before proteolysis. Slices cut from gels of reduced virus were rehydrated in the above solution without 2-mercaptoethanol. Rehydrated slices were stuffed into wells of a 5 cm stacking gel (3 ~ acrylamide), the space around the gel slice was filled with 10 gtl of overlay solution (rehydrating solution containing 10~ glycerol), and the slice was overlaid with the chymotrypsin solution (10 or 15 ktg/20 ~tl of overlay solution). Gels were electrophoresed at room temperature at 50 V for 1 h, the current was turned off for 30 rain, and then the gels were transferred to the cold room (4 °C), electrophoresed for 15 h at 100 V, and examined by fluorography.
Fluorography and autoradiography. The method used for fluorography was that of Bonner & Laskey (1974) with preflashed Royal X-Omat film (Laskey & Mills, 1975) , as previously described (Peeples & Levine, 1979) . For autoradiography, gels were dried on filter paper, placed in a metal cassette with preflashed Kodak X-Omat film, and stored at -80 °C until the film was developed. 
Chemicals and isotopes. The chymotrypsin was purchased from

RESULTS
Is GP1 a host cell glycoprotein ?
When the proteins of uninfected cells labelled with [3H]glucosamine are separated on SDSpolyacrylamide gels using the discontinuous buffer system of Laemmli, a host cell glycoprotein migrates at the same position as the GP 1 of infected cells. However, trypsin does not remove the host ceil protein, but does remove all the excess label from infected cells, leaving only the background level of [3H]glucosamine found in uninfected ceils (data not shown). This difference in susceptibility to trypsin suggests that the cellular glycoprotein and GP 1 are different proteins. In addition, if glucosamine-labelled infected and uninfected cells are analysed in neutral SDSpolyacrylamide gels instead of the Laemmli system, no cellular glycoprotein migrates at the same position as GP1 (data not shown), which further suggests that they are different proteins. GP1 was present in HEp2 cells infected with either the Long or the RSN-2 strain of RS virus, and in BSC-1 cells infected with Long, but not in BSC-1 cells infected with RSN-2 or in the partially purified virus (Cash et al., 1977 (Cash et al., , 1979 Pringle et al., 1981 ; Wunner & Pringle, 1976) . If GP 1 is a viral protein, it should be present in the purified virus regardless of its demonstrability in infected cells. Fig. 1 shows that a glycoprotein corresponding to GPI was in fact detected in purified RSN-2 virus produced by [14C]glucosamine-labelled BSC-1 cells (Fig. 1, lane 3) , although at somewhat lower levels in proportion to the other viral glycoproteins than was the case in HeLa-grown Long strain virus (Fig. 1, lane 1) .
Finally, GP1 was present in purified Long virus produced by either human (HeLa) or green monkey (BSC-1) cells labelled with [14C]glucosamine (Fig. 1, lanes 1 and 2) .
Analysis of the envelope-associated proteins by PAGE under reducing and non-reducing conditions Glycoproteins
When purified [3H]-or [14C]glucosamine-labelled virus was analysed on SDS-polyacrylamide gels after dissociation and reduction, three labelled polypeptides were separated: GP 1, VGP48 and the 26K protein, GP26 (Fig. 1, lane 1) , but when analysed without prior reduction, only two major glucosamine-labelled bands were found (Fig. 2, lane 1) . The molecular weights of these two bands are approx. 84K and 70K when proteins of the red-cell membrane are used as markers (Dzandu & Johnson, 1980; Steck, 1974) .
These two bands were cut from the polyacrylamide gel, rehydrated in stacking gel buffer containing 3~ 2-mercaptoethanol, and re-electrophoresed on a second SDS-polyacrylamide gel. The three glycoproteins of reduced virus were cut from a neutral SDS-polyacrylamide gel to serve as markers. The larger of the two glycoproteins migrated with GP 1, while on reduction the second separated into two proteins corresponding to VGP48 and GP26 (Fig. 3) . When reelectrophoresed without prior reduction, this band still migrated as a single band. This suggests that in the virion, VGP48 and GP26 exist as a single molecule, joined by disulphide bonds. When reduced prior to re-electrophoresis, band 2 from the [35S]methionine-labelled virus in Fig. 2 , lane 2, also separated into VGP48 and GP26 (data not shown). To confirm that the proteins obtained by the reduction of band 2 are indeed VGP48 and GP26, the VGP48 generated by the reduction of band 2 from [35S]methionine-labelled virus was compared by limited proteolysis (Cleveland et al., 1977) to the VGP48 cut from a gel of reduced virus; the peptide patterns were identical (Fig. 4) . (No pattern is shown for GP26 because it was not cleaved by 15 ~tg chymotrypsin.) Because it is linked, this protein resembles a paramyxovirus fusion protein (Choppin & Scheid, 1980; Homma & Ohuchi, 1973; Nagai et al, 1976; Scheid & Choppin, 1974) .
M protein
The other bands were also cut from a polyacrylamide gel prepared with non-reduced [3ss]-methionine-labelled virus (Fig. 2, lane 2) , and these proteins were reduced and rerun on SDSpolyacrylamide gels. [Bands 3 and 4 migrated as VPN41 and VPP32 respectively (data not shown).] Bands 5 and 6 migrated with VPM (Fig. 5) , and could be either different structural forms of VPM or different proteins that by chance migrate at the same rate after reduction. (When electrophoresed without prior reduction, bands 5 and 6 still migrated as separate proteins.) To eliminate the possibility of their being different proteins, they were analysed by limited proteolysis. When bands 5 and 6 were reduced prior to treatment with either 15 ~tg chymotrypsin (Fig. 6 ) or 10 ~tg chymotrypsin (Fig. 7, lanes 3 and 4) , their peptide patterns were identical. Although the peptide patterns of reduced bands 5 and 6 are relatively simple, they differ from those of the other proteins of reduced purified virus, and so presumably neither band represents a degradation product of one of these proteins (data not shown). Their identical peptide patterns therefore suggested that they were not different proteins. However, when the proteins were treated with chymotrypsin without prior reduction, their patterns differed both from each other and from those produced by treatment with chymotrypsin after reduction (Fig.  7, lanes 1 and 2) , which suggests that these two proteins are different forms of VPM.
DISCUSSION
The results reported here increase the probability that GP 1 is a structural protein of RS virus. First, although difficult to demonstrate in BSC-1 cells infected with RSN-2, GP1 is found in purified RSN-2 virus produced by these cells, as would be expected of a viral structural protein, which would be concentrated in the virus. GP1 has now been found in three strains of RS virus, grown in either human or monkey cells ( Fig. 1 ; Pringle etal., 1981) . Secondly, although a cellular glycoprotein migrates at the position of GP1 in the discontinuous buffer system of Laemmli, unlike the GP1 it is not affected by trypsin. Furthermore, it can also be separated from GP1 by electrophoresis in neutral SDS gels, as Dubovi (1982) also demonstrated using two-dimensional gel electrophoresis. While the accumulated evidence from several laboratories strongly favours the identification of GP1 as a viral structural protein, its status will not be irrefutably established until it can be assigned a function in virus replication.
The envelope of paramyxoviruses contains three proteins, two glycoproteins and a nonglycosylated membrane protein. The attachment glycoprotein, H N or H, is frequently present in the virion as a homodimer or tetramer held together by disulphide bonds, while the fusion glycoprotein is a proteolytically processed protein whose two parts are held together by disulphide bonds. The non-glycosylated membrane protein is phosphorylated (Homma & Ohuchi, 1973; Scheid & Choppin, 1974; Nagai et al., 1976; Lamb & Choppin, 1977 ; Hardwick & Bussell, 1978; Markwell & Fox, 1980; Choppin & Scheid, 1980; Hall etal., 1980; Graves, 1981 ; Smith & Hightower, 198l) . The demonstration that in the RS virion VGP48 and GP26 are joined by disulphide bonds suggests that this is, by analogy with other paramyxoviruses, a fusion protein.
[A similar conclusion was drawn by Fernie & Gerin (1982) , who immunoprecipitated a disulphide-linked surface protein from iodinated RS virus.] It thus appears that, as in paramyxoviruses, the envelope of RS virus contains a non-glycosylated protein and two glycoproteins, one of them containing two polypeptides joined by disulphide bonds. However, using the paramyxovirus model to designate function may be misleading, because RS virus envelope proteins appear to differ from those of the paramyxovirus model. If the disulphide-linked glycoprotein were a fusion protein, GP1 would probably be the attachment protein, but we have found no multimeric forms of this glycoprotein. Furthermore, if the disulphide-linked protein were the fusion protein, it would not be the dominant glycoprotein of the envelope, whereas the numbers of counts of radiolabelled amino acids in peaks of purified RS virus indicate that the virion contains more VGP48 than GP1 (see Fig. 2A , B and C in Levine, 1977) , and that, in contrast to other paramyxoviruses, VGP48 contains the major antigenic site for virus neutralization (Fernie & Gerin, 1982) . Therefore, the assignment of a function to the VGP48-GP26 complex must await direct determination, with either mono-specific or monoclonal antibody, or a variant with a temperature-sensitive mutation in this protein.
The non-glycosylated membrane protein of RS virus also seems to differ from that of other paramyxoviruses. First, it does not appear to be phosphorylated (Cash et al., 1979; C. Gruber & S. Levine, unpublished data). Secondly, it apparently contains internal disulphide bonds, and purified virus apparently contains two structural forms of the molecule. The faster migrating form predominates, but relative concentrations of each form vary from batch to batch, and occasionally are almost equal (data not shown). We assume that the two forms of VPM are randomly distributed in all the virus particles, but know of no way to test this assumption. The differences between the partial digest of the two non-reduced forms and the reduced form of VPM suggest that both non-reduced forms contain disulphide bonds. However, the difference between the partial digests of the non-reduced forms suggests differences in either the number or the position of their disulphide bonds. Still to be determined is the relationship between these forms.
